Objective: To determine the oxidative stress markers in serum from patients with relapsing-remitting multiple sclerosis. Methods: Blood samples from healthy controls and 22 patients 15 women (7 aged from 20 to 30 and 8 were > 40 years old) and 7 men (5 aged from 20 to 30 and 2 were > 40 years old) fulfilling the McDonald Criteria and classified as having Relapsing-Remitting Multiple Sclerosis accordingly with Lublin were collected for oxidative stress markers quantification. Results: Nitric oxide metabolites (nitrates/nitrites), lipid peroxidation products (malondialdehyde plus 4-hidroxialkenals), and glutathione peroxidase activity were significantly increased in serum of subjects with relapsing-remitting multiple sclerosis in comparison with that of healthy controls. These data support the hypothesis that multiple sclerosis is a component closely linked to oxidative stress.
Introduction
Multiple sclerosis (MS) is one of the most common chronic and disabling disorders of the central nervous system (CNS) in young adults. Little is known about its etiology, although evidence indicates that MS is a complex trait caused by interactions of genetic and en-vironmental factors. Several patterns of MS remissionexacerbation have been identified and described; typically MS begins as a relapsing illness with episodes of neurological dysfunction lasting several weeks, followed by partial or complete improvement (relapsingremitting MS). At a later stage insidious accumulation of disability is obtained [29] .
There is increasing evidence that multiple sclerosis is not only characterized by immune mediated inflammatory reactions but also by neurodegenerative processes [10] . Bursts of focal inflammation are thought to underlie the episodic, relapsing -remitting phase of MS, whereas axonal loss and neurodegeneration are responsible for progressive symptoms, which are the predominant cause of disability [11] .
In neurodegenerative diseases, neuronal loss is mediated by oxidative stress which constitutes a final common toxic pathway. It has been hypothesized that relapsing-remitting phase of MS is mediated by oxidative stress [9] . Some oxidative stress markers such as: plasma cholesteryl ester hidroperoxides [6] ; nitrate and nitrite in serum [8] and blood leukocytes [14] ; diene conjugates in peripheral blood leukocytes are all higher in patients with MS than the healthy control subjects. In addition, a significant decrease in the level of the natural scavenger of peroxynitrite, uric acid [19, 25] has been described in MS patients. On the other hand, the glutathione peroxidase activity in MS remains unclear, for example it has been reported a decreased enzymatic activity in blood cells [13, 16, 26] , increased activity [30] , or a normal activity in lymphocytes, granulocytes and platelets of MS patients [27] . The contradictory reported data for glutathione peroxidase activity prompt us to investigate this activity and oxidative stress markers (nitric oxide metabolites and lipid peroxidation products) in serum of Mexican patients with relapsing-remitting multiple sclerosis.
Material and methods

Patients
The prevalence of MS varies significantly depending on the genetic background of the patient [3] . MS is considered a low prevalence of disease in Mexico, its features have been described in studies of several geographical regions of the country, remarkably the clinical profile of the disease is similar to that reported in other countries and the pattern observed corresponded to that found in northern latitudes [4, 28] . Blood samples were obtained from 22 patients who attended the consulting room at the hospital (Unidad Médica de Alta Especialidad -Hospital de Especialidades, Centro Médico Nacional de Occidente del Instituto Mexicano del Seguro Social). None of all the patients were experiencing an acute relapse at the time of blood sampling. Informed consent was obtained from the patient by a physician staff. The study was approved by the UMAE-HE reviewed board and was carried out in accordance with the principles of declaration of Helsinki as revised 2000. The diagnosis of MS was made following the revised McDonald Criteria 2005 [17, 20] and patients were classified as having Relapsing-Remitting Multiple Sclerosis accordingly with Lublin [15] . Patients and volunteers were matched for sex and age. In MS group, there were 15 women (7 aged from 20 to 30 and 8 were >40 years old) and 7 men (5 aged from 20 to 30 and 2 were >40 years old). The mean age of the MS group was 32 years. None of the selected patients and control subjects was taking antioxidants.
Fasting blood samples from patients and control subjects were obtained between 9:00 and 11:00 AM. Blood was drawn from a vein in the antecubital fossa by a 19-gauge needle. The tourniquet was carefully released after its application and blood was collected. Serum was obtained by a standard technique. Protein concentration was determined by Bradford method using bovine serum albumin as a standard [1] .
Nitric oxide
Nitric oxide release was determined spectrophotometrically by measuring the accumulation of its stable degradation products, nitrite and nitrate. Quantification of these metabolites in serum was done using a commercial package (Calbiochem Nitric Oxide Assay Kit, colorimetric 482650). Briefly, Nitrate to nitrite conversion was done using nitrate reductase. Total nitrite is then determined spectrophotometrically by using the Griess reaction. Results are expressed as µM/mL.
Lipid peroxidation
Serums were tested for lipid peroxidation using a Kit from Oxford Biomedical Res Inc. (product No FR 12). Each measurement was repeated four times. The Kit contains a chromogenic reagent (Nmethyl-2-phenylindole) which reacts with the lipid peroxidation products malonaldehyde (MDA) and 4-Hydroxyalkenals (4-OHA) at 45
• C yielding a stable chromophore with maximal absorbance at a wavelength of 586 nm [4] . Results are expressed as nmol MDA+4-OHA (mg protein) −1 .
Glutathione peroxidase activity
Glutathione peroxidase activity was determined according to the method described previously [7] which is based on the oxidation of reduced glutathione (GSH) in the presence of cumene, glutathione reductase and NADPH. Enzymatic activity was referred as µM of oxidized NADPH min −1 (mg of protein) −1 .
Statistical analysis
Data are expressed as mean values ± SEM. Differences in oxidative stress markers were assessed with the nonparametric Wilcoxon signed rank test for paired data. A p value < 0.05 was considered statistically significant.
Results and discussion
Free radicals (nitric oxide, superoxide radical, etc.) production leads to oxidative stress when there is an imbalance in the redox status of a cell [23] . Free radicals are generally short lived and thus, indirect methods of detection are required. Standard detection methods include: electron spin resonance, thiobarbituric acid reactive substances, detection of malonaldehyde, and other oxidation products from polyunsaturated fatty acids (such as 4-hydroxynonenal), measurement of oxidation products such as isoprostanes, 8-hydroxydeoxyguanosine, methionine sulfoxide, etc. [21] . In this work we measured lipid oxidation products (malondialdehyde plus 4-hidroxialkenals) and oxide nitric metabolites (nitrates/nitrites) as a measure of oxidative injury. Malondialdehyde and 4-hidroxialkenals are abundant diffusable products thought to contribute significantly to the deleterious effects of lipid peroxidation in tissues. Reactive aldehydes from lipid peroxidation adduct a number of cellular nucleophiles, including proteins, nucleic acids, and some lipids [5] . On the other hand, nitric oxide has a primary play a role in pathophysiology of MS. In active MS lesions, microglia and activated astrocytes express the enzyme inducible nitric oxide synthase which enables them to produce large amounts of nitric oxide [2] . Figure 1 shows serum levels of metabolites of nitric oxide (A), lipid peroxidation products (B) in healthy matched subjects and patients with relapsing-remitting multiple sclerosis. In serum samples from patients these values are significantly higher than in healthy controls (A-B). The increases in lipid peroxidation products and nitric oxide metabolites were 1.6 and 2.3 times, respectively in comparison with samples from control subjects; it shows a high oxidative stress in serum from MS patients. On the other hand, the activity of glutathione peroxidase was significantly increased (1.3 times) in serum of MS patients with that of healthy controls (Fig. 1C) . Lower serum uric acid level in MS patients has been reported [19] . The higher levels of oxide nitric metabolites found in this work could be relevant in MS development if there is a low concentration of serum uric acid. Recent evidence suggests that nitric oxide contributes to the disease process of MS by bloodbrain barrier breakdown and by direct tissue damage, blocking axonal conduction and by inducing axonal degeneration and plaque formation [12, 24] . In addition, peroxynitrite (the reaction product of nitric oxide and superoxide anion) mediate several potentially destructive chemical reactions, including tyrosine nitration and lipid peroxidation and its effects are consistently associated with active lesions and during the remitting phase. Peroxynitrite participates to neuron and oligodendrocyte damage in association with inflammatory processes [9] . In addition, lipid peroxidation can trigger the process of apoptosis, activating the intrinsic suicide pathway present within all cells [18] .
The role of glutathione peroxidase in peripheral tissues of MS patients remains unclear since the contradictory data regarding its activity [13, 16] . Glutathione peroxidase is a free-radical scavenger enzyme, therefore is an important part of the antioxidant cellular defense system. The increase in its activity found in serum of MS subjects could be a response to oxidative stress in order to minimize cell injury. Studies are in progress, in our laboratory, to strengthen these observations and to investigate the role of mitochondrial enzymatic activities in the reactive species production in MS.
The etiology of MS has not yet been fully elucidated; however it is believed that the inflammatory environment in demyelinating lesions lead to the generation of oxygen and nitrogen free radicals as well as proinflammatory cytokines which contribute to the development and progression of the disease [22, 24] . The production of the reactive oxygen and nitrogen species is an inherent property of activated immune cells. Additionally, reactive oxygen species are involved in phagocytosis and degradation of myelin, oligodendrocyte damage, and axonal degeneration [23] . Inflammation can lead to oxidative stress and conversely. Thus, oxidative stress and inflammation are involved in a self-perpetuating cycle.
The novel information provided by this work is that oxidative stress is increased in serum from MS patients even when they do not have a relapse in the disease. Whether or not this phenomenon reflects a similar process occurring in the central nervous system of MS subjects could be a matter of controversy. However, the existence of this phenomenon can not be minimized, since oxidative stress is a major pathway of cell damage.
